There is emerging evidence that endogenous microvesicles released by platelets may play a pivotal role in pathogenesis of numerous diseases including stable and unstable ischemic heart disease, atherosclerosis, hypertension, idiopathic pulmonary hypertension, atrial fibrillation/flutter, acute and chronic heart failure, as well as systemic vasculitis, systemic lupus erythematosus, antiphospholipid syndrome, transplant rejection, diabetes-induced angiopathy. Microvesicles that leased from the platelets exist as cargo for a large of number biological-active molecules including regulatory peptides, hormones, growth factors, active molecules coordinating cell-to-cell cooperation. Moreover, platelet-derived microvesicles are concerned about a conspicuous component in regulating angiogenesis, cardiac protection, and vascular repair. Recent animal and clinical studies have shown that the number of circulating platelet-derived microvesicles may sufficiently increase in accelerating atherosclerosis, acute atherothrombotic events, i.e., recurrent ischemia, myocardial infarction, thrombosis, hypertension, and stroke, microvascular inflammation. It is suggested that exaggerating levels of circulating platelet-derived microvesicles is strongly associated with endothelial dysfunction. The review is discussed the role of platelet-derived vesicles in the pathogenesis of the cardiovascular disease, as well as diagnostic and predictive capabilities of platelet-derived vesicles as biomarkers of a natural evolution of the diseases.
INTRODUCTION
Cardiovascular (CV) diseases are the most common causes of death in the general population worldwide [1] . Moreover, the attributable impact of CV disease on mortality of the general population in both developed and developing countries tends to be steadily raised [2, 3] . Although diagnosis and therapy of CV diseases are markedly reported in contemporary clinical statements and guidelines, prediction of CV events and personifying risk stratification for patients with established CV disease remains to be challenged [4, 5] . For instance, the presence of several comorbid conditions (diabetes mellitus, abdominal obesity, dyslipidaemia, insulin resistance, rheumatic and autoimmune disease, kidney disease, cognitive impairment, peripheral artery disease, liver and thyroid dysfunctions) sufficiently modifies as prognostication of CV diseases, as well as both clinical management and the therapeutic approach in CV disease. In this context, there is a strong tendency to use integrative complementary therapies of CV disease based on an individual assay of risks and benefits of precise biomarker controlled point-of-care [6] . The identification of therapeutic targets a blockade of which could have a positive impact on CV-related clinical outcomes diminishing a probability of poor prognosis is a promising approach for contemporary strategies in the treatment of CV disease. Consequently, non-invasive circulating biological markers reflecting various stages in the pathogenesis of CV disease can be surrogate indicators for successful diagnostic, stratification and treatment approaches.
Extracellular vesicles (EVs) are small sized (range of diameter is approximately < 1000 nm) particles originated from various cells and deliver biologically active molecules (peptides, RNAs, active molecules, growth factors, hormones, and enzymes) from mother cells to recipient cells through binding, fusion or endocytosis appearing to be a core element in cell-to-cell cooperation [7, 8] . They are involved in the pathogenesis of CV diseases through numerous biological mechanisms that support microvascular inflammation, arterial stiffness, vascular calcification, atherosclerotic plaque shaping and rupture, endothelial dysfunction, hypercoagulation and thrombosis, cardiac remodelling, kidney dysfunction [9, 10] . Additionally, the EVs play a pivotal role in tissue reparation, angiogenesis, and neovascularization via intracellular signalling cascades [11, 12] . In fact, the EVs mediate autocrine and paracrine signals that are enabled to reconstructing the homeostatic micro-environment in heart and vessels [13] . EVs have released a wide spectrum of circulating cells, including endothelial cells, cardiac myocytes, red blood cells, mononuclear/macrophages, other antigen presenting cells, as well as platelets. EVs, which are produced by endothelial precursors and mature endothelial cells, as well as mononuclear, are under investigation for a long time respectively and there is strong evidence regarding the predictive capability of an altered circulating number of EVs in established CV disease [14, 15] . On the contrary, the exact role of the platelet-derived microvesicles in the pathogenesis of CV disease remains to be not fully discovered. Controversies regarding the role of platelet-derived vesicles in the CV diagnosis, stratification, and EV-guided therapy mainly affect uncertain methods of identification of immune phenotypes. For instance, there is not strong evidence regarding the platelet-derived vesicles bear numerous protein markers, such as markers of the megakaryocytic lineage (CD110), platelet collagen receptor (CD36), tetraspanins (CD63, CD9 and CD81), P-selectin (CD62), heat shock proteins (HSP70) and integrins (CD41, CD42, CD51, CD61), which are found in other types of the EVs of similar size. Another controversy is associated with storage of whole blood that can lead to releasing the EVs from platelets into the blood sample. Taking together, analytic errors should be paid into consideration prior to an interpretation of the test result for EVs' measure. Yet, numerous studies have yielded serious limitations in the diagnostic and predictive value of platelet-derived EVs because of small sample size, low sensitivity for clinical end points and none randomized design of the clinical trials . However, possible diagnostic and discriminative values of the EVs have been still widely debating. The review is discussed: (1) the role of platelet-derived microvesicles in the pathogenesis of CV disease; (2) diagnostic and predictive capabilities of platelet-derived microvesicles as biomarkers of a natural evolution of the diseases.
EXTRACELLULAR VESICLES: DEFINITION
EVs are defined as small-sized (< 1000 nm) cell membranous originated structures that secreted by various cells (platelets, red and white blood cells, endothelial cells, precursors/stem cells, cardiomyocytes, and even tumor cells) into human fluids and contained wide range of proteins, hormones, signalling molecules, lipids, mRNA, miRNA, and others [16, 17] . There are at least two distinct subpopulations of the EVs [exosomes and microvesicles (MVs)], which distinguish each other in size, compounds, immune phenotypes and wide range of formation modes. Exosomes are sufficiently smaller to MVs (size average is 30-120 nm) and they are shaped by the endocytosis of multivesicular bodies and shed from cells by exocytosis. On the contrary, the MVs (size average is 40-1000 nm) are defined as membrane-bound vesicles, which are released from the plasma membrane. Additionally, surface-specific antigens, which are presented for both populations of EVs, are different, but not specific for types of EVs. They overlap between exosomes and MVs that does not allow differencing both populations of the particles, but the size of particles can be used for differentiation of them. Physiologically, EVs are cargo for molecule transfer, auto/paracrine signaling, cell-to-cell cooperation, playing a pivotal role in immune response, vascular integrity, cellular senescence, tissue reparation and development, angiogenesis and neovascularization [18, 19] . In fact, the EVs are able to mediate the exchange of appropriate information between various cells. Finally, the EVs were found witnesses and biomarkers of several diseases, such as CV, autoimmune, infective, metabolic, renal, rheumatic, neurological, ocular diseases and malignancy [20] [21] [22] [23] .
PLATELET-DERIVED VESICLES
The population of the platelet-derived vesicles is the largest in other types of EVs in the circulation [ Figure 1 ]. Indeed, the majority of the blood-borne EVs are thought to originate from the megakaryocytes, i.e., either from circulating platelets or directly from the platelet precursor cells, which reside in the bone marrow. Although coagulation, thrombosis, vascular senescence and permeability are most common and well-established biological processes, in which platelet-derived vesicles are embedded, the role of them in CV diseases has not to be exhausted a crucial impact on hemostasis. Interestingly, the platelet-derived vesicles display both pro-and anticoagulant properties depending on the presentation of the phosphatidylserine (PS) of the platelet-derived vesicles in the tenase and prothrombinase complexes, as well as an expression of tissue factor on the surface of the platelet-derived vesicles. Both PS and tissue factor are able to initiate the extrinsic coagulation pathway involving active Factor VII. On the other hand, the platelet-derived vesicles were found to have an ability to express glycoprotein Ib and bind the annexin V, protein S and activation of protein C that led to the anticoagulant effect. Thus, the balance between pro-coagulant and anti-coagulant properties of the platelet-derived vesicles plays an important role in supporting of hemostasis [24, 25] . Intriguingly, there is evidence that the platelet-derived vesicles are cargo for several molecules, including chromatin, hormones, proteins, which mediate cell-to-cell cooperation, immune reaction, inflammatory response, and reparation [18] [19] [20] [21] [22] . It has been found that the main fraction of miRNA is localized in the platelet-derived vesicles, which protect miRNA from degradation in the circulation. Thus, the platelet-derived vesicles are considered a core element of transfer gene-regulatory function from mother cells to target cells [26] . Additionally, the platelet-derived vesicles transfer monomeric C-reactive protein mediating inflammatory reaction from target cells/tissues and activate endothelial cells and their precursors [27] . Therefore, the platelet-derived vesicles may enhance mobbing, migration, aggregation, and accumulation of circulating leukocyte on selectin-expressing substrates mediating increased permeability of the endothelium [28] . Moreover, the platelet-derived vesicles can induce leukocyte to release inflammatory cytokines, such as interleukin (IL)-1β, IL-6, IL-17, interferon-gamma, tumor necrosis factor (TNF)-alpha, monocyte chemoattractant protein-1, and matrix metalloproteinase (MMP)-6, MMP-9, which promote endothelial inflammation, worsening vascular integrity and endothelial dysfunction. There are data clarifying that the platelet-derived vesicles can support differentiation of T cells with regulatory phenotype into T cells with pro-inflammatory phenotype [29] . Although the platelet-derived vesicles can transfer lipoxin A4, which acts as an anti-angiogenic factor for endothelial precursors and mature endothelial cells, yet platelet-derived vesicles can induce angiogenesis and vascular reparation through augmenting endothelial progenitor cell differentiation into peripheral blood mononuclear cells [30, 31] . Elevated levels of the platelet-derived vesicles were determined in patients with acute coronary syndrome, acute myocardial infarction, heart failure, arrhythmia, atherosclerosis, as well as heparin-induced thrombocytopenia, thrombotic complications, hemolytic uremic syndrome, while developing of abdominal obesity, diabetes mellitus, antiphospholipid syndrome, and sepsis was not associated with increased circulating level of platelet-derived vesicles [32] . Probably, this evidence may relate to the mechanisms regarding the release of MPs from platelets. It has suggested that in various cases circulating platelets are likely to adhere to leukocytes or endothelial cells at the activation site and that the circulating platelet-derived MPs are likely to be a residue of activated platelets [33] . It has been found that upon activation, blood platelets are able to release two types of EVs, i.e., microparticles and exosomes [34, 35] . Platelet-derived microparticles (also referred to microvesicles) are characterized by an average of the size of 70-100 nm and the PS presentation at their surface, which mediates their capabilities in coagulation and thrombosis [36] . On contrary, platelet-derived exosomes are characterized by their small size (< 80 nm) and the presence of CD63 antigen, which is known as the tetraspanin that belongs to the transmembrane 4 superfamily, while larger vesicles (> 0.5 µm) containing chromatin materials are referred to apoptotic bodies [35, 36] . Majority of positive CD41 EVs have been reported to be derived from platelets. CD63 plays a pivotal role in the role in the activation of cellular signaling cascades that trigger Akt, FAK-related non-kinase polypeptide/ protein tyrosine kinase-2 and mitogen-activated protein kinases, attenuates an adhesion of circulating monocytes/macrophages onto endothelial cells through the regulation of P-selectin (CD62) trafficking, as well as promotes vascular endothelial growth factor receptor (VEGFR) signalling and internationalization [37] . All these factors are involved in cell-to-cell cooperation and cell interactions with the extracellular matrix. Moreover, the EVs expressing Ms4a2/FceRI on the surface are able to be triggers for degranulation of circulating cell in response to other stimuli [37] . Additionally, some EVs may express CD41 (Integrin alpha-IIb) on their surface, which is a complex with CD61 may be a receptor for thrombospondin, fibronectin, vitronectin, fibrinogen, and von Willebrand factor playing a crucial role in blood coagulation [38, 39] . The populations of the [20] [21] [22] [23] . APC: antigen presenting cells platelet-derived EVs may distinguish each other in not just their size and immune phenotype, but yet they can have a difference in a density (utilized as sucrose density gradient in ultracentrifugation), proteomic and lipidomic profiles [40] . Labeling of platelet-derived EVs is reported in Table 1 .
Although there are difficulties in identification of distinction between two types of EVs (microparticles and exosomes) in cargo potency, immune heterogeneity and size averaging of EV populations allows identifying them using several methods for their isolation and quantification, including conventional and cryo-enhanced electron microscopy, immuno-gold labelling, laser-scanning confocal microscopy, nanoparticle tracking analysis and flow cytometry [41, 42] . However, lack of generally accepted methods as a standard for determination, isolation, and quantification of the platelet-derived EVs, sufficiently limits our efforts in understanding their biological role in the pathogenesis of several states and diseases [43, 44] . The review is considered a possible role of both types of EVs (microparticles and exosomes) in CV diseases.
PLATELET-DERIVED VESICLES IN CV DISEASE
There is a large body of evidence regarding the pivotal role of platelet-derived vesicles in the pathogenesis of CV diseases [45] [46] [47] . In a result of several triggers, which are reported Figure 2 , platelets are activated, aggregated, then they changed their contain enriching phospholipids and GPs, prepare for vesiculation via shaping spaced architectonic and exocytosis and release vesicles into the circulation. Regulation platelet vesiculation is mediated via platelet Ca 2+ -ATPases by cyclic AMP through the phosphorylation of the Rap1 protein.
The platelet-derived vesicles exhibit haemostatic properties, mediate aggregation of blood cells including whole platelets, promote coagulation, stabilize the vasculature and maintain endothelial cell barrier integrity [48] . Therefore, the platelet-derived vesicles may demonstrate pro-atherogenic, pro-inflammatory, and immunomodulatory effects, and even anticoagulant activity depending on triggers that induce their releasing and the expression of their surface certain molecules [49] [50] [51] . For instance, phospholipid-enriched platelet-derived vesicles that express Annexin V possess as pro-atherogenic and pro-coagulant particles [52] . On the contrary, Annexin V-negative platelet-derived vesicles were found rather anticoagulant than pro-coagulant particles. Therefore, platelets contain S100A8/A9 in membrane-enclosed vesicles and transfer it to target cells including endothelial cells and their precursors [53] . Probably, S100A8/A9-rich platelet-derived vesicles can play a pivotal role in developing endothelial dysfunction upon the manifestation of CV disease. Additionally, platelet-derived vesicles deliver oxidized lipids, P-selectin/P-selectin glycoprotein ligand 1, CD40 ligand (CD154) and induce B-cell synthesis and secretion of antigen-specific immunoglobulin G and potentiate the adaptive immune response through CD4+ cells [54] [55] [56] . Although restored endothelial cell junctions and vascular integrity are essential for prevention coagulation and thrombosis, the balance between promoting coagulation and mitigating endothelial dysfunction and vascular permeability has to turn to the side of potentiation of platelet activation status and pro-coagulant activity [57] . This effect appears to be harmful to majority patients with established CV diseases including asymptomatic atherosclerosis, acute coronary syndrome/myocardial infarction, hypertension, hypertensive crisis, heart failure, and peripheral artery disease.
Platelet-derived vesicles in hypertension
Platelet activation is common for arterial hypertension associating with increased P-selectin expression in the platelet membrane and elevated a circulating number of platelet-derived vesicles enriched phosphatidylserine that accompanies pro-coagulant blood activity [46] . It is been postulated that activation status of platelets in patients with uncontrolled arterial hypertension is predominantly a result of elevated shear force, lowgrade systemic inflammation and increased sympathetic activity [47] . Yet, there is evidence that preeclampsia/ eclampsia negatively impacts on the cerebral circulation and that this effect is associated with activated platelets and platelet-derived vesicles [48] . Moreover, placental and maternal platelet-derived EVs participate in critical signaling mechanism for feto-placental development and impairment in releasing and contents of vesicles in biological fluids depending on their origin is considered in the context of the initiation and progression of the pathogenesis of preeclampsia/eclampsia [49] . In fact, non-pregnant women with the risk factors of preeclampsia/eclampsia (overweight/obesity, diabetes mellitus, rheumatic disease, systemic vasculitis, dyslipidemia, anemia) as well as individuals with arterial hypertension were identified to have elevated levels of circulating platelet-derived vesicles [58] [59] [60] . It has been suggesting that circulating plateletderived vesicles can induce vascular dysfunction, and through immune modulation they mediate thrombotic potency of plasma and remodeling of the vasculature. This mechanism appears to be common for arterial hypertension and preeclampsia, although initial triggers for both conditions can be distinguished (i.e., shear stress and sympathetic activity for hypertension and hypoxia/ischemia, damage of placenta villi for preeclampsia). Despite these differences, the final result of platelet activation and releasing of platelet-derived vesicles remain similar and it is considered an endothelial dysfunction, vascular remodeling, and pro-coagulation state, which affect target organ damage and contribute to poor clinical outcomes. However, renal denervation, which was able to sufficiently reduce sympathetic activity in patients with resistant hypertension, leads to a reduction of platelet activation, monocyte-platelet aggregates and a tendency to lowering circulating number of activated platelets in close relation to declined levels of several inflammatory markers, such as TNF-alpha, IL-1beta, IL-12, and monocyte chemoattractant protein-1 [47, 61] . Although there is strong interrelation between endothelial dysfunction in hypertension and spontaneous generation of platelet-derived vesicles, whether tight control for blood pressure will correspond to a significant decrease of platelet aggregation and reducing the number of circulating pro-coagulant platelet-derived vesicles is not fully understood [62] . However, diminishing of pro-coagulant activity of circulating platelet-derived vesicles can be achieved during effective antihypertensive therapy [62] [63] [64] . It has been noted that a wide range of antihypertensive drugs, such as calcium channel blockers, angiotensin-II receptor antagonists, angiotensin-converting enzyme inhibitors, are able to hamper the process of micro vesiculation and thereby to reduce a circulating number of platelet-derived vesicles [63, 64] . Taken into consideration the role of the vesicles in the pathogenesis of hypertension a variable ability of several antihypertensive drugs to modify shaping and releasing of the particles onto circulation is showed to have promising and require more investigations in the future.
Platelet-derived vesicles in multifocal atherosclerosis
Previous studies have shown that platelet-derived vesicles directly mediated a formation of foam cells in atherosclerotic plaque shaping vulnerable plaque [65] [66] [67] . Therefore, increased levels of circulating TSP1+/CD142+ platelet-derived vesicles were found in older age individuals without CV disease, as well as in the younger individuals with high CV risk due to subclinical atherosclerosis [68, 69] and patients with known CV diseases [70, 71] . In fact, platelet-derived vesicles, which were enriched by phospholipids, correspond to atherosclerosis; vascular injury and plaque rupture acting as a trigger of microvascular inflammation, thrombosis, and endothelial dysfunction. However, the role of the particles in the clinical presentation of the disease requires to be clearly elucidated in large studies.
Platelet-derived vesicles in acute coronary syndrome and acute myocardial infarction
Acute coronary syndrome (ACS) and acute myocardial infarction (AMI) have been shown to be associated with an activation of various circulating cells, including platelets. Platelets are able to aggregate each other and with classical monocytes/macrophages shaping thrombus, embedding onto sub-cap space in a plaque, destroy a shoulder zone of the plaque and occlude the artery [72] . Being higher than in healthy individuals, aggregated platelets seem to consist of several cells (monocytes, macrophages, endothelial cells, and erythrocytes) and vesicles of various origin, such as phospholipid-rich platelet-derived extracellular vesicles expressed P-selectin (CD63), CD31, CD41a, and tissue factor (TF, CD142), elevated levels of which in peripheral blood strongly correspond to infarct size and in-hospital complications in AMI including mortality [73] [74] [75] . Moreover, ST-elevation AMI patients had higher levels of platelet-derived vesicles with immune phenotypes (CD61+/AV+, CD31+/AV+, CD42b+/AV+ and CD31+/CD42b+/AV+) compared to non-ST elevation AMI (STEMI) patients [76] . Yet, the investigator found that STEMI patients with NYHA class III heart failure (HF) had higher levels of circulating CD142+/AV+, CD14+/AV+ and CD14+/CD142+/AV+ endothelial cell-derived EVs as well as CD61+ platelet-derived vesicles than those in class I/II HF [76] . Thus, beyond biomarkers of cell activation, platelet-derived vesicles have numerous functional effects on the development of damaged vessel wall-induced arterial thrombi and blood thrombogenicity on areas of arterial damage contributing to atherothrombotic events. Indeed, phospholipids-rich platelets-derived vesicles have found the increased level of platelet-derived vesicles in survivors of AMI correlated well with thrombosis and soluble CD40 ligand (CD154) [77] . Authors concluded that the independent association between large platelet-derived vesicles and thrombin generation supports the concept that the formation of platelet-derived vesicles is important for increased coagulation activation in AMI patients [77] . Interestingly, the platelet-derived vesicles are discussed not the only factor directly mediating endothelial dysfunction and atherosclerosis, but they contribute to vascular reparation acting as factors of ischemic preconditioning on myocardial ischemia/reperfusion and vascular injury in correspondence with endothelial precursors [78] . Other studies reported that size of STEMI, lactate dehydrogenase activity, oxidative stress activity and the number of apoptotic cardiomyocytes were strongly and inversely associated with a number of platelet-derived vesicles in blood collected from the infarct-dependent artery [79, 80] . Moreover, platelet-derived vesicles turn to be able to reduce the activity of caspase 3 and the expression of endoplasmic reticulum stress markers in the myocardium [79] . Additionally, endothelial precursors consolidate their interaction with platelets under dynamic flow conditions through secretion of platelet-derived vesicles and thereby mediate their regenerative potential [81] [82] [83] . Previously it has been reported that platelet-derived vesicles may modulate biological functions of hematopoietic cells and that they play an important but as yet not fully understood role in intercellular cross-talk in hematopoiesis and regeneration [84] . There is evidence that the platelet-derived vesicles can augment re-endothelialization capacity of circulating angiogenic cells [85] . All these facts support the hypothesis that angiopoietic capability of platelet-derived vesicles can modulate cardiac protection in ACS/STEMI [86, 87] . Taken together, these findings open new insight on cardiac protection in ACS/STEMI based on an attenuation of endoplasmic reticulum stress apoptosis and angiogenesis through platelet-derived vesicles-endothelial precursors cooperation.
Platelet-derived vesicles in dyslipidemia and hypercholesterolemia
Dyslipidaemia is frequently associated with overweight, abdominal obesity, insulin resistant, metabolic syndrome, and type 2 diabetes mellitus. Increased levels of circulating platelet-derived vesicles were found in subjects with several metabolic diseases including metabolic syndrome and diabetes mellitus, in close relationship with severity of dyslipidemia and oxidative stress activity [88, 89] . However, the role of hypercholesterolemia/dyslipidemia and hyperglycemia appears to be challenged. Hyperglycaemia is positively associated with the levels of circulating platelet-derived vesicles, whereas dyslipidemia influenced predominantly numbers of circulating endothelial cell-derived and erythrocyte-derived vesicles. Interestingly, the oxidative stress markers, such as plasma glutathione peroxidase and urinary 8-iso-prostaglandin F2 alpha, independently impacted on levels of platelet-derived vesicles [89] . Interestingly, the leptin can modulate platelet aggregation, shape platelet vesiculation and thereby links abdominal obesity and coagulopathy [90, 91] . Moreover, leptin resistance rather than insulin resistance was found as a trigger for platelet activation that corresponds to increased risk of CV disease and CV events in patients with abdominal obesity, but not with diabetes mellitus [92, 93] . There is evidence that the increased levels of low-density lipoprotein (LDL) cholesterol and oxidized LDL are able to induce membrane vesiculation and stimulate platelet-derived vesicle formation determining a coagulation potency of the plasma and altered endothelial-dependent vasodilation in patients with dyslipidemia [93] [94] [95] [96] [97] . Probably, phospholipid-rich platelet-derived vesicles influence directly and indirectly on vascular integrity and function in patients with hypercholesterolemia/dyslipidemia and their effects are mediated through several mechanisms including pro-coagulation state, impairment function of endothelial precursors, which play a pivotal role in vascular reparation, and accelerating atherosclerosis [93] [94] [95] [96] . Thus, levels of a circulating number of platelet-derived vesicles may be a novel surrogate marker for the clinical evaluation of vascular damage in dyslipidemia state. Yet, the dynamic changes in platelet-derived profile could a promising biomarker for the identification of pleiotropic effects in lipid-lowering drugs.
Platelet-derived vesicles in atrial fibrillation
Atrial fibrillation (AF) is the most common cardiac arrhythmia, which is strongly associated with heart failure, sudden death, the pro-coagulant state and thromboembolic events including stroke, pulmonary thromboembolism [98] . Recent studies have shown that AF patients had significantly higher levels of total circulating vesicles originated from various cells including platelets to other individuals without AF and healthy volunteers [99] [100] [101] . It has found that numerous mechanisms that are associated with AF developing, such as hypoxia/ischemia, low or oscillatory shear stress, stretching, high ventricular heart rate, systemic low-grading inflammation and oxidative stress, are potent inducers of apoptotic cell death, which leads to the shedding of pro-coagulant vesicles within the vasculature [100] . Phosphatidylserine positive plateletderived vesicles were found in elevated concentrations in peripheral blood collected from patients with a permanent form of AF while preserving sinus rhythm in post-AF/pre-AF periods in a persistent form of AF was associated with increased levels of platelet-derived vesicles with pro-coagulant capacity, but sufficiently lower in comparison with permanent AF patients [99, 101, 102] . However, the clinical studies have revealed that decreased apoptotic and lipid-rich platelet-derived vesicles after the restoration of sinus rhythm might enable restoration of hemostasis and reduce the risk of stroke and several thromboembolisms [101, 102] . Conversely, there is evidence regarding that the platelet activation and its ability to release pro-coagulant P-selectin/ phosphatidylcholine-rich vesicles in AF patients is a result of underlying CV diseases rather than the AF per se [102] [103] [104] . Interestingly, acetylsalicylic acid-clopidogrel combination therapy failed to reduce circulating biomarkers of thrombogenesis and platelet activation including a number of platelet-derived vesicles in patients with any form of AF. On the contrary, oral anticoagulants, such as vitamin K antagonists and novel oral anticoagulants, appear to be superior to combination acetylsalicylic acid-clopidogrel therapy in suppression platelet vesiculation and thereby in the prevention of AF-related thrombotic complication [105, 106] . Additional study is required to further elucidate the core role of circulating platelet-derived vesicles in the pathophysiology of AF and its complications.
Platelet-derived vesicles in heart failure
HF are at higher risk of developing thrombosis and thromboembolic events [107] . It was found that progression of HF-related to developing "hypercoagulable phenotype", which is associated with increased thrombin generation, decreased sensitivity to activated protein C, and over-production of pro-coagulant platelet-derived vesicles [108] . Moreover, in-hospital stay and mortality due to acute HF and acutely decompensated HF independently corresponded to a number of circulating platelet-derived vesicles [109] . However, there is limiting number of clinical studies that clearly elucidate the role of platelet-derived vesicles as a biological marker with predictive value, while other vesicles released from endothelial progenitors and mononuclears had exhibited prognostic utility in HF [110, 111] .
Platelet-derived vesicles in stroke
Thrombosis and platelet aggregation is defined as a crucial element in the pathophysiology of ischemic stroke and perpetrating brain ischemic event including transient ischemic attack (TIA) [112] . Despite platelet-derived vesicles, which had pro-coagulant potency, were found the most abundant in the circulation in patients with acute ischemic stroke and TIA, the predictive value for these findings is not still defined and required to be investigated in detail [113] . Obviously, perpetuating thrombosis in intracranial arteries could have a strong association with clinical outcomes and neurology deficiency, but structure, immune phenotypes, and number of platelet-derived vesicles were accompanied to vascular tone, levels of inflammatory cytokine, thrombus formation and oxidative stress biomarkers, while pro-coagulant platelet-derived vesicles may substantially contribute to ischemic brain disease in several settings, such as neuroinflammatory conditions [114, 115] . Whether platelet-derived vesicle profile corresponds to the severity of intracranial hemorrhage, subarachnoid hemorrhage, and intracranial vasospasm is not fully understood. Probably, this assumption should address the future.
CONCLUSION
Although the innate mechanisms regarding the regulation of platelet-derived vesicle secretion and impact on target cells are not fully elucidated and required more investigations, increased content of platelet-derived vesicles, even in normal blood conditions, may enhance vascular damage, microvascular obstruction, and ongoing thrombus formation. It is suggested that platelet-derived vesicles may be considered a potential biological marker for endothelial dysfunction, thrombotic/thromboembolic events and progression of atheroma and may be implicated in the pathogenesis of coagulation abnormalities encountered in patients with known CV diseases and CV events. Additionally, a number of circulating platelet-derived vesicles may be represented as a useful CV risk stratification tool as well as a novel therapeutic target for anti-thrombotic drugs.
